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Abstract  

Portland Limestone cement (PLC) recently introduced into the Nigerian market, was received with mix reaction 

amongst professionals in the construction industry, due to absence of empirical data on its performance. To 

ascertain its suitability for use in soil stabilization, the effect of PLC grades 32.5 N and 42.5 R on the strength 

indices of laterite was investigated. Latertie sample obtained from Ikpayongo was treated with 0, 2, 4, 6, 8, 10 

and 12 % of both grades of cement by dry weight of laterite. Atterberg’s limits, compaction, unconfined 

compression strength (UCS), California bearing ratio (CBR) and durability tests were conducted on samples of 

laterite treated with the two grades of cement. Strength indices of laterite treated with the two grades of cement 

was assessed using CBR and UCS test results. 7 day UCS value of laterite increased from 502 N/mm
2
 to 1275 

N/mm
2
 and 1357 N/mm

2
, when treated with 12 % PLC grade 32.5 N and 42.5 R respectively. CBR value of 

laterite increased from 20 % to 185 % and 210 % when treated with 12 % PLC grade 32.5N and 42.5 R 

respectively. Result of tests indicates that higher strength values were obtained with PLC grade 42.5 R when 

compared with grade 32.5 N. It also provided empirical evidence on the suitability of PLC for use in soil 

stabilization. PLC grades 42.5 R is recommended for use in soil stabilization based on strength and cost. 

Outcome of the research will be beneficial to professionals in the construction industry and manufacturers of 

cement. 
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INTRODUCTION 

Stabilization of soil which deals with improvement in 

the properties of soil using different chemicals is a 

well established method of making locally available 

materials suitable for use in road work. In Nigeria, 

Laterite is one of such road building material that is 

found locally, and in abundance. Ola (1983) defined 

laterite as the products of tropical weathering with 

red, reddish brown and dark brown colour, with or 

without nodules or concreting and generally found 

below hardened ferruginous crust or hard pan. 

Naturally occurring laterite in most cases are not 

always suitable for use as base and sub base material, 

thereby requiring treatment using stabilizing agents. 

Cement, lime, bitumen are common stabilizing agent 

used to treat soil. (Garber and Hoel 2010; Yoder and 

Witczak (1975)            

 

Cement stabilization according to O’Flaherty (1988) 

is second to mechanical stabilization in terms of 

effectiveness. The use of cement to successfully 

stabilize soil was reported by (Garber and Hoel 2010; 

Yoder and Witczak (1975). The quantity of cement, 

type of cement, type of soil and the moisture content 

of soils are key factors that affect the performance of 

cement in soil stabilization. The strength of soil 

treated with cement is normally derived from the 

hydration reaction of cement which results in the 

formation of a cementing gel (C-S-H)  that binds 

laterite particles together. Regarding quantity of 

cement findings by (Garber and Hoel, 2010; Yoder 

and Witczak, 1975) on cement content required for 

effective stabilization indicate that cement is more 

effective in the stabilization of when the soil 

plasticity index value is less than 10 %, as higher 

value will require more cement for effective 

stabilization, a situation that normally leads to 

uneconomic stabilization of such soil.  

 

There are three grades of cement; 33, 43 and 53, with 

appendage N or R, where N is  normal, and  refers to 

a class of cement with ordinary early strength while 

“R” is rapid  and refers to those with high early 

strength. (Oyenuga, 2014). The grades corresponds to 

the minimum 28
th

 day compressive strength that can 

be achieved with the grades of cement. It is also 

referred to as cement strength classes 32.5 Mpa, 42.5 

Mpa and 52.5 Mpa respectively.  

 

In Nigeria ordinary Portland cement (OPC) was the 

only cement available in the open market before the 

adoption and implementation of the present Nigerian 

Industrial Standards for cement NIS 444-1(2003). 

OPC which is referred to as Ordinary Portland 

cement and designated as CEM 1 in the present 

Nigerian Industrial Standards for cement NIS 444-1 
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(2003) is made of 95 to 100 % clinker and gypsum 

and 0 to 5 % calcarious materials such as limestone. 

Currently OPC according to Adewoke, et al (2014) is 

not available in the open market in Nigeria and can 

only be obtain in bulk on request from cement 

factories. This findings was collaborated through 

market survey that confirms that OPC/CEM I is not 

available in Nigeria open market. The cement 

available in the open market in Nigeria is the 

Portland-limestone cement designated as CEM II in 

NIS 444-1 (2003). According to Palmer, Jnr (2014) 

PLC is a slightly modified version of OPC that 

improves both the environmental footprint and 

potentially the basic performance of concrete. While 

ordinary Portland cement (OPC) may contain up to 5 

% limestone, PLC contains between 5 % and 15 % 

limestone. Hawkins et al, (2003), reported that PLC 

has lower Clinker content than OPC thereby making 

it cheaper than OPC. 

 

In the year 2014, the Standards Organisation of 

Nigeria (SON) restricted the use of PLC grade 32.5N 

to only plastering work. The restriction was due to 

frequent collapse of building arising from the misuse 

of PLC Grade 32.5 N and ignorance regarding the 

difference between grades 32.5 and 42.5. In response 

to the directive of SON in the year 2014 one of the 

major cement producing companies in Nigeria 

launched PLC grade 42.5 R to replace its grade 32.5 

N. The new grade of cement according to the 

company had extra strength, extra life, extra yield, 

rapid hardening and sold at the same price as grade 

32.5N.  

 

The misuse of PLC grade 32.5 N and its attendance 

consequences, necessitated the introduction of PLC 

grade 42.5 R in Nigeria, however acceptance of the 

new grade of cement was received with apprehension 

amongst professionals due to inadequate empirical 

data. Since little has been documented on the 

suitability of PLC grade 32.5 N and 42.5 R for 

effective stabilization of soil. This research is aimed 

at determining some geotechnical properties of 

laterite stabilized with the two grades of cement, to 

ascertain the differences in strength properties of 

laterite treated with the two grades of cement and 

determine the suitability of PLC grade 42.5 R for use 

in soil stabilization. California bearing ratio and 

Unconfined compressive strength values of laterite 

was used as indices for satisfactory stabilization. The 

study was restricted to the use of PLC grade 32.5N 

and 42.5 R produced in Nigeria. 

 

MATERIALS AND METHODS 

Laterite sample were collected from Ikpayongo, 

located at a distance of 22 kilometres from Makurdi, 

the capital of Benue State, Nigeria, along Makurdi- 

Otukpo road. The borrow pit was located at a 

distance of 900 m and at an angle of 90° West from 

the centre line of the road. Disturbed samples were 

collected from the depth of 0.5 to 2.0 m after the 

removal of the top soil. The two grades of PLC 

cement as obtained from the open market in Makurdi 

were used for the work. Analysis of chemical 

components of the two grades of PLC was carried out 

using x-ray analyzer together with Atomic 

Absorption Spectrophotometer (AAS). 

 

Specimens of Soil samples used for different 

laboratory test were prepared by treating laterite with 

the two grades of PLC in proportions of 0 %, 2 %, 4 

%, 6 %, 8 %, 10 % and 12 % by dry weight of 

laterite. Laboratory tests were performed on the 

sample obtained from Ikpayongo in accordance with 

BS1377 (1990) for the natural laterite and BS1924 

(1990) for laterite mixed with the two grades of 

cement. California bearing ratio (CBR) tests were 

conducted in accordance with the provision of the 

Nigerian General Specification (1997), which 

stipulated that specimens be cured in the dry for six 

days then soaked for 24 hours before testing. Tests 

performed on Ikpayongo laterite sample mixed with 

the two grades of PLC, include Atterberg’s limits, 

compaction, Unconfined Compression strength 

(UCS) and California bearing ratio tests.  

 

Sieve analysis test was performed on the sample of 

laterite using the wet sieving method, to help 

determine the particle size distribution of the laterite. 

Natural moisture content and specific gravity tests 

were also performed on the natural laterite. 

Atterberg’s limits test was performed using the 

casagrande method of test. 

 

Compaction was carried out using the West African 

standard compactive effort, because it was the 

conventional energy level commonly used in the 

region and recommended by the Nigerian General 

Specification (1997), for soil stabilization for used in 

road work. The compactive effort was achieved using 

energy derived from a rammer of 4.5 kg mass falling 

through a height of 45 cm in a 1 x 10
-3

 m
3
 mould. The 

soil was compacted in five layers, each layer 

receiving 10 blows. The resistance to loss in strength 

was determined as a ratio of the unconfined 

compressive strength (UCS) of specimens cured for 7 

days under controlled conditions, which were 

subsequently immersed in water for another 7 days to 

the UCS of specimens cured for 14 days.  

 

RESULTS AND DISCUSSION  

The grain size distribution curves of Ikpayongo 

laterite is presented in Figure 1. The chemical 

component of the two grades of PLC used is 

summarized in Table 1. Summary of the result of test 

on the natural laterite is reflected in Table 2.  
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Table 1:  Chemical Composition of PLC grade 32.5 N and 42.5R

Oxide 
Composition  

SiO2 TiO2 Al2O3 Fe2O3 SO3 CaO MgO Na2O K2O MnO V2O5 BaO LOI 

Grade  

32.5 N 

20.40 0.38 5.60 2.50 2.54 64.00 1.69 0.59 0.57 0.15 0.04 0.06 1.20 

Grade 
 42.5 R 

17.16 0.37 5.53 2.60 2.48 68.47 1.43 0.54 0.32 0.14 0.02 0.05 1.00 

LOI= Loss on Ignition. 

 

Table 2: Some Geotechnical Properties of Ikpayongo 

Laterite. 
Properties  quantity 

Percentage passing Bs sieve 200 (%) 45.5 

Liquid limit (%) 41.0 

Plastic limit (%) 20.0 

Plasticity Index (%) 21.0 

AASHTO classification A-2-6 

USCS GC 

Maximum Dry Density (Mg/m3) 1.72 

Optimum Moisture content (%) 12.0 

Unconfined compressive strength (kN/m2) 502 

California bearing ratio (%) 20 

Specific gravity  2.69 

Colour  Reddish brown 

Natural Moisture content (%) 7.20 

 

 
Ikpayongo laterite was found to be an A-2-6 and GC 

soil by the AASHTO and Unified Soil Classification 

systems (USCS) respectively. The specific gravities 

of Ikpayongo laterite,  and  PLC grades 32.5 N and 

42.5 R were determined as 2.69, 3.15, and 3.15 

respectively. The geotechnical  properties of 

Ikpayongo laterite clearly shows that it is only 

suitable for use as fill material and not sub-base and 

base material based on the Nigerian General 

Specification (1997), thereby requiring stabilization.  

The effect of PLC grades 32.5N and 42.5R on the 

Atterberg’s limits values of Ikpayongo laterite is 

presented in (Tables 3 and 4), respectively. 

 

 

 

 

 

Table 3: Variation of Liquid Limit, Plastic Limit and 

Plasticity Index of Ikpayongo Laterite, with PLC 

grade 32.5N Content. 
Cement Content (%) 0 2 4 6 8 10 12 

Liquid Limit (%) 41 40.5 38 37 36 36 35 

Plastic Limit (%) 20 21.5 22 23 25 27 29 

Plasticity Index (%) 21 20 16 14 11 9 6 

 

Table 4: Variation of Liquid Limit, Plastic Limit and 

Plasticity Index of Ikpayongo Laterite, with PLC 

grade 42.5 R Content. 
Cement Content 

(%) 

0 2 4 6 8 10 12 

Liquid Limit (%) 41 40 37 36 35 35 34 

Plastic Limit (%) 20 21 23 25 27 28 30 

Plasticity Index 

(%) 

21 19 14 11 9 7 4 

 

The liquid limit of Ikpayongo laterite decreased from 

41 % to 35 % and 34 % when treated with 12 % PLC 

grade 32.5 N and 42.5 R respectively. The plastic 

limit of the laterite increased from 20 % to 29 % and 

30 %, when treated with 12 % PLC grade 32.5 N and 

42.5 R respectively. The plasticity index value of the 

laterite decreased from 21 % to 6 % and 4 %, when 

treated with 12 % PLC grade 32.5 N and 42.5 R 

respectively.  The trends observed with Atterberg’s 

limits of laterite can be attributed to the hydration 

reaction of cement, and are similar with the trend 

observed by Joel and Edeh (2015).  Atterberg’s limits 

test results shows that the use of PLC grade 42.5 R 

resulted in lower plasticity index values of Ikpayongo 

laterite, when compared with values obtained with 

PLC grade 32.5 N. 

 

The effect of PLC grades 32.5 N and 42.5 R on the 

compaction characteristics of Ikpayongo latertie is 

presented in Tables 5 and 6. The maximum dry 

density of Ikpayongo laterite increased from 1.72 

Mg/m
3
 to values of 1.81 and 1.82 Mg/m

3
 when 

treated with 12 % PLC grade 32.5 N and 42.5 R 

respectively.  
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Table 5: Variation of Maximum Dry Density of Ikpayongo Laterite, with PLC Grade 32.5 N and 42.5 R 

Content. 
Cement Content (%) 0 2 4 6 8 10 12 

Maximum Dry Density (MDD) Mg/m3 of 
Laterite treated with grade 32.5 N PLC. 

1.72 1.73 1.75 1.77 1.78 1.80 1.81 

Maximum Dry Density (MDD) Mg/m3 of 

Laterite treated with grade 42.5 R PLC. 

1.72 1.74 1.76 1.78 1.79 1.81 1.82 

 

Table 6: Variation of Optimum Moisture Content of Ikpayongo Laterite, with PLC Grade 32.5 N and 42.5 R 

Content. 
Cement Content (%) 0 2 4 6 8 10 12 

Optimum Moisture Content (OMC) % of Laterite 

treated with grade 32.5 N PLC. 

12.0 13.0 14.0 15.0 15.5 16.0 17.0 

Optimum Moisture Content 
(OMC)  % of Laterite treated with grade 42.5 R 

PLC. 

12.0 13.0 14.0 15.0 16.0 17.0 17.5 

 

Increased maximum dry density with cement content 

may be due to a decrease in the surface area of the 

clay fraction of Ikpayongo laterite as a result of the 

hydration reaction of cement. The high specific 

gravity value of 3.15 for cement which form the 

cementing gel that bonds the particles of laterite with 

a specific gravity value of 2.69 for laterite also 

contributed to the high MDD values. The optimum 

moisture content of Ikpayongo laterite increased from 

12 %   to 17.0 % and 17.5 % when treated with 12 % 

PLC grade 32.5 N and 42.5 R respectively. Increase 

in optimum moisture content with PLC content is due 

to more moisture required for effective hydration of 

cement. In agreement with this view, Shetty (2009) 

reported that on the average, 23 % of water by weight 

of cement is required for chemical hydration of 

cement.  The result of compaction test shows that 

there is no significance difference in the maximum 

dry density and optimum moisture content values of 

Ikpayongo laterite treated with the two grades of 

cements.  

 

The effect of PLC grade 32.5 N and 42.5 R on the 

California bearing ratio (CBR), of Ikpayongo laterite 

is presented in Tables 7. 

 

 

Table 7: Variation of California Bearing Ratio (CBR) of Ikpayongo Laterite, with PLC Grade 32.5 N and 42.5 R 

Content

Cement Content (%) 0 2 4 6 8 10 12 

CBR of Laterite treated with grade 32.5 N 
PLC. 

20 30 65 90 110 140 185 

CBR of Laterite treated with grade 42.5 R 

PLC. 

20 40 75 110 130 180 210 

Difference in strength (%) 0 33.33 15.38 22.22 18.18 28.57 13.51 

 

The California bearing ratio of Ikpayongo laterite 

increased from 20 % to maximum value of 185 % 

and 210 % when treated with 12 % PLC grade 32.5 N 

and 42.5 R respectively. CBR values obtained with 

the use of PLC grade 42.5 R were higher than values 

obtained with PLC grade 32.5 N. Results shows that 

the percentage increase in strength varies from 33.33 

% at 2 % cement content to 13.51 % at 12 % cement 

content with an average value of 21. 86 %.  Increase 

in California bearing ratio with cement content can be 

attributed to the hydration reaction of cement. During 

the hydration of cement, Tricalcium silicate (C3S) 

and Dicalcium silicate (C2S) component of cement 

react with water to form calcium silicate hydrate 

(CSH) a cementing gel that binds all the particles of 

the laterite together to form a compact mass. Increase 

in CBR value with cement content is in agreement 

with the findings of Joel and Agbede (2011). The use 

of  PLC  grade 42.5 R enhance effective stabilization 

as the CBR requirement  value of 180 % Specified by 

the Nigerian General Specification (1997) was 

attained with the use of 10 % PLC grade 42.5 R as  

 

against values of 140 % obtained with the use of 10 

% PLC grade 32. 5N.   

 

The effect of PLC grade 32.5N and 42.5 R on the 7, 

14 and 28 day UCS values of Ikpayongo laterite is 

presented in Tables 8, 9 and 10.  

 

 

Table 8: Variation of 7 day Uconfined Compressive Strength (UCS) N/mm
2
 of Ikpayongo Laterite, with PLC 

Grade 32.5 N and 42.5 R Content. 
Cement Content (%) 0 2 4 6 8 10 12 

7 day UCS of Laterite treated with grade 32.5 N PLC. (N/mm2) 502 684 927 1034 1234 1475 1735 

7 day UCS of Laterite treated with grade 42.5 R PLC. (N/mm2) 502 707 1114 1248 1457 1740 1936 
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Table 9: Variation of 14 day Uconfined Compressive Strength (UCS) N/mm
2
 of Ikpayongo Laterite, with PLC 

Grade 32.5 N and 42.5 R Content. 
Cement Content (%) 0 2 4 6 8 10 12 

14 day UCS of Laterite treated with grade 32.5 N PLC. 
(N/mm2) 

502 735 1163 1268 1368 1635 1840 

14 day UCS of Laterite treated with grade 42.5 R PLC. 

(N/mm2) 

502 782.0 1229 1481 1581 1829 2014 

 

Table 10: Variation of 28 day Uconfined Compressive Strength (UCS) N/mm
2
 of Ikpayongo Laterite, with PLC 

Grade 32.5 N and 42.5 R Content. 
Cement Content (%) 0 2 4 6 8 10 12 

28 day UCS of Laterite treated with grade 32.5 N 

PLC. (N/mm2) 

502 861 1392 1528 1628 1734 1958 

28 day UCS of Laterite treated with grade 42.5 R 
PLC. (N/mm2) 

502 953 1413 1661 1761 1928 2140 

 

The UCS values of Ikpayongo laterite increased with 

days  and PLC content. 7, 14 and 28 day UCS value 

of Ikpayongo laterite increased from 502 N/mm
2
 to 

maximum values of 1735, 1840, 1958  and 1936, 

2014 and 2140 when treated with 12 %  PLC grades 

32.5 N and 42.5 R respectively. Increase in strength 

with cement content can be attributed to hydration 

reaction of cement. Trend observed with 7, 14 and 28 

day UCS values are similar with observation of Joel  

 

and Edeh (2015). Results also shows that higher 

strength values were obtained with the use of PLC 

grade 42.5 R, when compared with values obtained 

with PLC grade 32.5 N.  

 

The effect of PLC grade 32.5N and 42.5 R on the 

resistance to loss in strength of Ikpayongo laterite is 

presented in Table11.  

 

 

Table 11: Variation of Resistance to Loss in Strength (%) value of Ikpayongo Laterite, with PLC Grade 32.5 N 

and 42.5 R Content. 
Cement Content (%) 0 2 4 6 8 10 12 

Resistance to Loss in strength (%) of Laterite treated with 
grade 32.5 N PLC.  

0 22 40 57 67 73 81 

Resistance to Loss in strength (%) of Laterite treated with 

grade 42.5 R PLC.  

0 31 52 60 73 80 85 

 

The resistance to loss in strength of Ikpayongo 

laterite which disintegrated inside water in the 

absence of a binder increased from 0 % to 81 % and 

85 % when treated with 12 % PLC grade 32.5N and 

42.5R respectively. Resistance to loss in strength 

value of 80 % which translates to a maximum loss in 

strength value of 20 % recommended by Ola (1974), 

was attained with the use of 10 % PLC grade 42.5 

R, a value that was attained with the use of 12 % 

PLC grade 32.5 N. Resistance to loss in strength 

values obtained with PLC grade 42.5 R were higher 

than values obtained with PLC grade 32.5N. 

 

Strength indices test results shows that the two grades 

of cement have positive effect on the strength indices 

of Ikpayongo laterite. However, higher strength 

values were obtained with the use of PLC grade 

42.5R when compared with PLC grade 32.5N. Hence 

the recommendation of the use of PLC grade 42.5R, 

in preference to PLC grade 32.5 N for soil 

stabilization. 

  

Using combined criteria of the attainment of 7 day 

UCS value of 1720 kN/m
2
 specified by Millard 

(1993), CBR value of 180 % and plasticity index 

value of less than 10 %  specified by the Nigerian 

general specification for road and bridges (1997), 

resistance to loss in strength value of 20 % specified 

by Ola (1974). Laterite stabilized with 10 % PLC  

 

grade 42.5R is recommended for use as road base 

material, where economic analysis of alternative 

materials justifies it usage, even though the Nigerian 

general specification for road and bridges specified 

an upper cement content limit of 8 % for effective 

and economic stabilization of laterite with cement. 

 

CONCLUSIONS  

The following conclusions can be drawn from the 

study: 

 

Plasticity index values obtained with the treatment of 

Ikpayongo laterite with PLC grade 42.5 were lower 

than values obtained with grade 32.5 N. The 

California bearing ratio value of Ikpayongo laterite 

treated with PLC grade 42. 5 R were higher than 

values obtained with PLC grade 32. 5N. Maximum 

CBR value of laterite treated with 12 % PLC grade 

42.5 R was 210 % as against value of 185 % obtained 

with the use of the same cement content of PLC 

grades 32. 5 N. 7 day UCS value of Ikpayongo 

laterite increased from 502 N/mm
2
 to maximum value 

of 1936 N/mm
2
 when treated with 12 % PLC grade 

42.5 R as against value of 1735 N/mm
2
 obtained with 

the use of 12 % PLC grade 32.5 N. Similar trends 

were observed with 14 and 28 day UCS results. 

 

The study provided empirical evidence that shows 

that stabilization of laterite with PLC grade 42.5 R 
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provides higher strength values than values obtained 

with PLC grade 32.5 N and is suitable for use in soil 

stabilization. Based on results of tests, the use of PLC 

grade 42.5 R is recommended for use in soil 

stabilization, as it will yield higher strength values at 

a reduced cost than PLC grade 32.5 N. 
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